findings (light microscopy) support the interpretation that the white plugs are formed in the blood stream from blood constituents (Williams, I971) . Emboli of platelets, of fat, and of "crystalline" material have been identified at necropsy in the brain and other organs of patients after cardiopulmonary bypass surgery (Aguilar, Gerbode, and Hill, 197I) . Dogs subjected to total cardiopulmonary bypass develop retinal emboli of platelets and degenerate cellular material, of fat, and of dimethylpolysiloxane with silica gel (Williams, Farmer, and Dixon, I974) .
The present paper describes the necropsy findings in the retina of two further patients who died after open heart surgery. The white retinal vascular plugs (observed by direct ophthalmoscopy and under the dissection microscope) were examined by electron microscopy, the fat identified by a histochemical stain, and the presence of silicon in the "crystalline" emboli confirmed by electron probe x-ray microanalysis. Dimethylpolysiloxane fluid with silica gel (Antifoam A-Dow Corning) is used as a defoaming agent in the perfusion of patients during open heart surgery.
Case reports Case I, a 37-year-old Maori male, with mitral and tricuspid valve prostheses, was admitted with septicaemia due to Staphylococcus aureus and a "stuck" tricuspid valve prosthesis (that is, a valve which was fixed). At operation the surgeon found active granulation tissue covering both valve prostheses and replaced each with a Starr Edwards ball-valve prosthesis. In the extracorporeal circuit, blood was oxygenated with a bubble oxygenator and all priming blood, transfusion, and cardiotomy blood was passed through a Swank filter. The bypass time was 2I5 min. ( Pathological data METHOD At necropsy, soon after death in Case i, the globes were fixed in Hogan's fixative and opened coronally through the ora serrata. A segment of retina containing the white plug which lodged in a branch of the inferonasal artery in the right eye during operation, was excised for post-fixation in I per cent. osmium tetroxide, dehydrated in acetone, and embedded in araldite. Sections I p thick were stained with methylene blue and safronin 0 for examination by light microscopy. Thin sections were stained with uranyl acetate and lead citrate and examined with a Siemens electron microscope. A second white arterial plug section. Fig. 3d shows the loosely arranged collagen fibres which surrounded the entire vessel. The densely packed collagen is also shown in Fig. 3d and in higher power in Fig. 3e .
Fat occlusions visible in retinal vessels prepared by trypsin digestion and examined under the light microscope The retinal vessels prepared by trypsin digestion in both Case I and Case 2 contained occlusions staining bright red with oil red 0 (Fig. 4) which were interpreted as fat. The oil red 0 positive material coated red cells and mingled with faintly pink-staining "crystalline-like" material interpreted as dimethylpolysiloxane with silica (Antifoam A-Dow Coming).
Occlusions of dimethylpolysiloxane with szlica (Antifoam A) visible in retinal vessels prepared by trypsin digestion and examined under the light microscope The retinal vessels prepared by trypsin digestion in both Case i and Case 2 contained occlusions which stained faintly pink with oil red 0 ( Fig. 5a ) and had star-like pink clusters (crystals of oil red 0), but failed to stain with H and E, PAS, or Schultz stain. Phase contrast microscopy showed that, in some areas, the colourless material was coarsely granulated. The vessels containing such occlusions were distended, whilst adjacent to such occlusions the vessels were constricted about masses of blood cells (Fig. 5b) .
In some areas the colourless occlusions were finely granular and distended capillaries which had lost their nuclei (Fig. sc) ; the finely granular material was sometimes extruded from the vessel in the presence of a histiocyte (Fig. sd) .
Examination with the electron probe disclosed a high content of silicon in several discrete areas of the retinal capillary network prepared by trypsin digestion in both Case i and Case 2. Fe, Mn, Ti, Ca, Mg, Na, and Al were sought in the siliconrich areas but were not found in either case. (Fig. 2) and other blood cells. The ultrastructure ofthe white plugs in Case i was similar to that of white plugs found in the retinal circulation of dogs after cardiopulmonary bypass surgery (Williams and others, 1974) .
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Many mechanisms contribute to the formation of platelet aggregates (Mustard, x969) . In open heart surgery, embolism has been proposed as a major source of morbidity (Osborn, Swank, Hill, Aguilar, and Gerbode, 1970) . In modem open heart surgery, 9o British Journal of Ophthalmology filters remove platelet aggregates but fail to remove emboli of fat and of Antifoam A (Williams and Davis, I973) . Since the introduction of filters more patients regain consciousness quickly and postoperative confusion is less (Swank and Osborn, 1970) . Furthermore, platelet emboli observed in the retinal circulation during cardiopulmonary bypass procedures occur principally in those patients who develop neurological complications and in those who fail to survive (Williams, I973 (Berman, I969) .
Fibrin thrombi are always small and occur almost exclusively in small vessels. The few platelets in these thrombi appear to be trapped (Chandler, I 969). The thrombus excised from the peripheral retina contained mainly loosely-packed fibrin in which were enmeshed a few platelets and red cells. It is suggested this thrombus formed during the period of I 0 hours or more of sluggish circulation before death in Case i.
The white mass in the retinal vessel in Case 2, though similar in appearance under the dissection microscope to the white occlusions in Case i, was found to comprise mainly collagen deep to the endothelial lining of the vessel which was patent. Friedenwald, Wilder, Maumenee, Sanders, Keyes, Hogan, Owens, and Owens (I952) observed in small retinal arteries subendothelial fibrotic plaques with the appearance ophthalmoscopically of a localized irregular whitish sheath surrounding the arterial blood column, and pointed out their close similarity to thickenings in walls of veins, which consisted of proliferated masses of cells in and under the venous endothelium. In Case 2 the collagen mass may have developed by fibrosis of such a mass of cells in the wall of a vein.
On the other hand, the collagen mass may represent an organized embolus of blood constituents. This patient had been exposed to circulating emboli during two open heart operations and had had a mitral valve prosthesis for 4 years. Jorgensen, Hovig, Rowsell, and Mustard (1970) concluded that transient platelet aggregation in the microcirculation may be an important factor in causing vascular occlusions and mural thrombosis. Furthermore, Jorgensen and Torvik (I969) found that venous platelet aggregates were prevalent among patients with occluded arteries supplying the brain, particularly when those occlusions were due to grossly visible emboli from the heart and other intrathoracic sources. It is suggested a venous platelet aggregate, formed in the flowing blood, damaged and adhered to the vessel wall, giving rise to a sessile mural thrombus. Subsequently, the thrombus organized and the endothelium was reconstituted over it. Such an initial venous aggregate must have formed before the second open heart operation, because the endothelium of the vessel was intact in each section made and the collagen was mature. The area of unorganized amorphous material in the fibrous mass is consistent with this being an organized mural thrombus (French, I962) .
Emboli of fat and of "crystalline" material have been identified at necropsy in the brain and other organs of patients after total cardiopulmonary bypass (Aguilar and others, I 97 ) . Trypsin digest flat mounts of retinal vessels allow the morphology of whole microemboli to be studied. In the retinal vessels of Case i and Case 2, oil red 0 positive material. interpreted as fat, was found in discrete globules, coating red cells, and mixed with "crystalline-like" occlusions. Thomassen, Howbert, Winn, and Thompson (i 96 I) found an intravascular foreign material in the tissues of patients exposed to a silicone defoaming agent during extracorporeal circulation. They presented evidence that the foreign material was particulate matter present in the antifoaming agent. The colourless occlusions (H and E and PAS) and faintly pink occlusions with star-like pink clusters (oil red 0) found in the retinal capillaries in Case I and Case 2 were indistinguishable from retinal capillary occlusions found in the dog after cardiopulmonary bypass procedures (Williams and others, 1974) where Hi Vacuum Grease, similar in composition to Antifoam A, was used in the disc oxygenator. Furthermore, the retinal capillary occlusions produced by the intracarotid injection of both Antifoam A and of Hi Vacuum Grease appeared similar with identical stains, and closely resembled globules of Antifoam A and of Hi Vacuum Grease which were smeared on microscope slides and stained in the same way (Williams and others, 1974) .
In the retinal capillaries prepared by trypsin digestion in Case I and Case 2, a high content of silicon was located in several areas with the electron probe, which is consistent with the interpretation that the "crystalline-like" occlusions were dimethylpolysiloxane with silica gel. Phase contrast microscopy demonstrated the microvascular occlusions of dimethylpolysiloxane with silica gel in retinal capillaries prepared by trypsin digestion in Case i and Case 2 to be sometimes finely granular and sometimes coarsely granular.
Retinal vascular occlusions in open heart surgery 9I
Both patients had undergone a previous open heart operation in which dimethylpolysiloxane with silica was used as the defoaming agent and for which there is no known method ofexcretion. Finely granular occlusions were not found in the retinal capillaries of dogs after cardiopulmonary bypass surgery (Williams and others, 1974) . It is suggested the finely granular occlusions were dimethylpolysiloxane fluid with silica which had been present since the first operation in Case i and Case 2. Furthermore, the retinal capillaries containing finely granular occlusions had lost their nuclei and in some areas the finely granular material had been extruded from the capillary in the presence of a histiocyte. Death of capillaries and a histiocytic response were not found in the retinal capillaries of dogs after cardiopulmonary bypass surgery (Williams and others, I974) .
The refractile embolic specks observed more frequently than white platelet emboli in the retinal circulation of man during open heart surgery (Williams, 1973) 
